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Corynebacterium glutamicum is a member of the gram-positive
bacteria with high G+C content and a model organism in industrial
biotechnology [1,2]. Its respiratory chain comprises a cytochrome
bc1–aa3 supercomplex [3] and a cytochrome bd oxidase [4]. Oxidative
phosphorylation is not essential as a strain lacking F1FO-ATP synthase
was viable and showed reasonable growth [5]. In this study three
respiratory mutants were characterized which lacked either the bd
branch (ΔcydAB), or the bc1–aa3 branch (Δqcr), or both. Lack of bd
oxidase was inhibitory only under conditions of oxygen limitation,
whereas the absence of a functional bc1–aa3 supercomplex led to
decreases in growth rate, biomass yield, respiration and proton
motive force (pmf) under oxygen excess. These results show that the
bc1–aa3 supercomplex is of major importance for aerobic respiration.
For the ﬁrst time, a C. glutamicum strain with a completely inactivated
aerobic respiratory chain was obtained (ΔcydABΔqcr), named DOOR
(devoid of oxygen respiration). In glucose minimal medium sup-
plemented with peptone, DOOR showed growth based on a
fermentative type of catabolism with l-lactate as major and acetate
and succinate as minor products. No decrease of the dissolved oxygen
concentration could be detected for the DOOR mutant, indicating the
absence of alternative terminal oxidases. The proton motive force of
the DOOR mutant was reduced by about 30%. Candidates for pmf
generation in this strain are succinate:menaquinone oxidoreductase
and F1F0-ATP synthase.
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Mitochondria are at the heart of cellular bioenergetics with many
biochemical pathways conversing in the mitochondria. The main
catabolic pathway is ATP production by the oxidation phosphoryla-
tion (OXPHOS) system. Mitochondrial diseases are often the con-
sequence of a genetic defect in one or more complexes of OXPHOS. In
particular NADH–ubiquinone oxidoreductase, also known as complex
I, is often affected, as it comprises 45 subunits encoded by both the
nuclear and mitochondrial genome. As of now, no cure exists for
mitochondrial diseases [1,2].
It is important to understand cellular metabolism in OXPHOS
dysfunctional cells in order to initiate pharmacological interventions
in mitochondrial disease cases. To achieve this goal, we use a systems
biology approach of mathematical modeling, classic “omics” ap-
proaches and live-cell imaging to develop predictive mathematical
models of cellular bioenergetics in healthy skeletal muscle and in
diseased skeletal muscle of mice harboring a defective complex I
(NDUFS4−/− knock-out) [3].
In order to study cellular and mitochondrial metabolism in
cultured myoblasts and myotubes, we apply quantitative live-cell
microscopy to measure metabolites by ﬂuorescent FRET-based bio-
sensors. This allows us to visualize and study in situ speciﬁc changes
that would be missed by cell population based “omics” techniques. To
understand both anabolic and metabolic processes, we currently
focus on glucose and ATP dynamics in living cells [4]. Here we will
report on our approach of combining mathematical modeling and
quantitative live-cell imaging. Additionally, ﬂuorescent biosensors
are new tools that will help us to further understand cellular and
mitochondrial bioenergetics.
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Escherichia coli is able to ferment glycerol and produce molecular
hydrogen (H2) by using different hydrogenases (Hyd) [1,2]. The most
important aspect in regulation of H2 production by E. coli formate
hydrogen lyase (FHL) and its energetics is the requirement of the
F0F1-ATPase: a relationship between these hydrogenases and F0F1
was assumed [2,3]. In E. coli, FHL is a complex that consists of two
enzymes, formate dehydrogenase H (Fdh-H) and Hyd. It has been
shown that Hyd-2 is mostly responsible and Hyd-1 less responsible
for H2 production at alkaline pH [3]. The latter was sensitive to N,N′-
dicyclohexylcarbodiimide (DCCD), inhibitor of the H+-translocating
F0F1-ATPase.
In this study we investigated overall and DCCD-sensitive ATPase
activity of glycerol-fermented E. coli wild type BW25113, E. coli selC
(with deﬁciency of Fdh-H, Fdh-O, Fdh-N), and E. coli selC hyaB hybC
(with Fdh-H, Fdh-O, Fdh-N, HyaB, HybC deﬁciency) mutant strains
membrane vesicles at different pHs.
ATPase activity of membrane vesicles was higher at pH 7.5 in wild
type BW25113 compared with that at pH 5.5 (~4-fold; p≤0.05).
DCCD inhibited markedly ATPase activity ~11-fold (p≤0.05) in wild
type at pH 7.5, but at pH 5.5 — ~1.5-fold (p≤0.025). Compared with
wild type cells, ATPase activity at pH 7.5 was lowered in ~1.5-fold
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(p≤0.02) with selC and ~2.5-fold (p≤0.025) with selC hyaB hybC
mutants. DCCD inhibited ATPase activity of selC and selC hyaB hybC
mutants ~1.8-fold and ~6-fold (p≤0.05) at pH 7.5, respectively. At
pH 5.5 ATPase activity of selC and selC hyaB hybC mutants membrane
vesicles was shown to be ~3-fold and ~2.2-fold lower (p≤0.025),
respectively, compared with those at pH 7.5. DCCD inhibited ATPase
activity was ~1.3- fold in selC and ~1.2-fold (p≤0.025) in selC hyaB
hybC mutants at pH 5.5.
The results obtained indicate that for the F0F1-ATPase work by E.
coli during glycerol fermentation alkaline pH is more optimal. The
suppression of ATPase activity in the selC and selC hyaB hybCmutants
at pH 5.5 might be explained by interaction between different
components of FHL with the F0F1-ATPase.
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Phytanic acid (Phyt) brain concentrations are highly increased in
Refsum disease, a peroxisomal disorder clinically characterized by
cerebellar ataxia, cardiac abnormalities and retinitis pigmentosa [1–2].
Considering that cerebellar abnormalities are found in this disease and its
pathogenesis is still unknown,we investigated the in vitro effects of Phyt
(10–200 μM) on important parameters of energy homeostasis in rat
cerebellum [3–4]. State 3 respiration measured by oxygen consumption
was reduced in cerebellummitochondria by Phyt, suggesting ametabolic
inhibition of this fatty acid. Furthermore, the activities of the respiratory
chain complexes I, I–III, II and II–III activities were strongly inhibited by
Phyt, indicating that a blockage of the electron transfer through the
respiratory chain may possibly explain its metabolic inhibitory effect. We
also found that the state 4 respiration was increased, whereas RCR,
NAD(P)H levels and membrane potential were reduced by Phyt,
indicating an uncoupling effect on oxidative phosphorylation. Synaptic
Na+–K+-ATPase activity was also strongly inhibited by Phyt, possibly
implying a compromised neurotransmission by this fatty acid. Taken
together, these data provide experimental evidence that Phyt pro-
vokes impairment of cerebellum energy homeostasis, by acting as an
uncoupler of oxidative phosphorylation and as a metabolic inhibitor,
besides affecting neurotransmission. It is therefore postulated that
these pathomechanisms may contribute to the cerebellar symptoms
present in Refsum disease.
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The oxidative phosphorylation system depending on the speciﬁc
conditions can function in two modes — in the delocalized and the
local coupling modes. In the latter case the transport of oxidative
reaction energy to ATP-synthetase take place in the membrane
supercomplex without energy carriers (protons) removal into the
water phase. Under the supercomplex creation conditions the
protons that have an excess of free energy form labile bounds with
the outer surface of the inner mitochondrial membrane and create
the fraction of Bronsted acids in the interface border zone: inner
membrane–water. In this paper we describe properties of a new class
of protonophores. This protonophors have high afﬁnity to the fraction
of energy transfer protons in which the formation was predicted
by R.J. Williams in 1961. This compound is 2,4,6-trichloro-3-
pentadecilphenol (TCP-C15). It has a high surface activity and high
afﬁnity to membrane–water interface borders. TCP-C15 efﬁciently
interacts with the fraction of non-equilibrium protons associated
with an outer surface of inner mitochondrial membrane (R-protons).
We found that the TCP-C15 excites an increase in mitochondrial
respiration rate in state two by Chance. In this case the observed
maximum increase in mitochondrial respiration rate was signiﬁcantly
lower than in the case of classical uncouplers. The usage of the
catalyst that accelerates the reaction of separation of R-protons from
the membrane led to the maximum increase in mitochondrial
respiration rate under 2–4 fold decrease in TCP-C15 concentrations.
TCP-C15 has a very wide range of working concentrations (1 nM–
60 μM). The adenine nucleotide translocator (ANT) was shown to be
involved in the process of TCP-C15 transmembrane transport.
Inhibitor of ANT — carboxyatractyloside causes 2–4 fold diminution
of the maximum increase in mitochondrial respiration rate under the
effect of TCP-C15. Moreover, we found endogenous regulating system
of membrane-bound protons fraction. It is the mitochondrial
phosphate transport system that completely removed the inﬂuence
of TCP-C15 on mitochondrial respiration rate by reducing a volume of
non-equilibrium membrane-bound protons fraction.
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